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(57)Abstract: 

PURPOSE: To obtain sintered alumina which has over 6 MN/m3/2 facture toughness and over 70kg/mm2 
traverse strength and can be used to produce ceramic tools suitable for high-efficiency processing such as 
high-speed machining and high-speed feeding. 

CONSTITUTION: The product comprises 5 to 30wt.% of zirconia (Zr02) of less than l^m average particle 
size, less than 1 .0wt.%, based on the total Zr02, of hafnia (Hf02) and the rest of alumina (AI2 03) of less 
than 1.5(im average particle size and unavoidable impurities wherein more than 40% of the zirconia is 
tetragonal crystals (t-Zr02) and 0.01 to 5wt.% of at least one from the oxides of Fe, Ni, Co may be 
incorporated. 
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* NOTICES'* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are 5 - 30 % of the weight, and hafnia (Hf02) about the zirconia (Zr02) of 1 micrometer or less of 
diameters of average crystal grain Zr02 Nature sintered compact of a high intensity alumina characterized by said 40% 
or more of zirconia (Zr02) being a tetragonal zirconia (t-Zr02) crystal while the remainder consists of the alumina 
(aluminum 203) and unescapable impurity of 1 .5 micrometers or less of diameters of average crystal grain LO or less 
% of the weight to the whole quantity. 

[Claim 2] The zirconia (Zr02) of 1 micrometer or less of diameters of average crystal grain 5-30 % of the weight, It is 
hafhia (Hf02) Zr02 As opposed to the whole quantity 1.0 or less % of the weight, While the remainder consists of the 
alumina (aluminum 203) and unescapable impurity of 1.5 micrometers or less of diameters of average crystal grain 
0.01 to 5% of the weight, at least one sort in the oxide of Fe, nickel, and Co The nature sintered compact of a high 
intensity alumina characterized by said 40% or more of zirconia (Zr02) being a tetragonal zirconia (t-Zr02) crystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nature sintered compact of a high intensity alumina for cutting 

tools which raised fracture toughness and anti-chip box reinforcement. 

[0002] 

[Description of the Prior Art] Recently, efficient-izing and full automation progress and a machine tool operates much 
cutting equipments to coincidence also in a cutting tool in many cases. However, when anti-chip box reinforcement and 
a fracture toughness value are low, therefore generally use many ceramic tools at once in efficient-izing, such as high 
speed cutting, high slitting, and high delivery, even if it is one ceramic tool, when it produces a sudden deficit, un- 
arranging [ that all equipments must be stopped ] produces an alumina ceramic tool. Therefore, fracture toughness is 
enough as these ceramic tools, and especially anti-chip box reinforcement is excellent, and the sintered compact of the 
ceramic tool with which these are obtained by being stabilized is demanded strongly. 

[0003] Then, in order to raise the fracture toughness value (Klc) of the nature sintered compact of an alumina, there is 
a thing which makes an alumina (aluminum 203) add a zirconia (Zr02). Such typical advanced technology is indicated 
by JP,59-25748,A. This is aluminum 203. It is Zr02 to inside. Many micro cracks tend to be generated in a sintered 
compact by cubical-expansion change at the time of the zirconia (Zr02) which was made to distribute and was 
distributed carrying out phase transition to m-Zr02 (mono-clinic-zirconia) from t-Zr02 after sintering (tetra- 
GONARU-zirconia), and it is going to raise fracture toughness by existence of this micro crack. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if fracture toughness of make [ many micro cracks / exist in 
a sintered compact ] improved, conversely, anti-chip box reinforcement deteriorated remarkably and there was a 
problem of being especially easy to produce a deficit in a sintered compact in high-speed processings, such as high 
speed cutting, high slitting, and high delivery. 

[0005] On the other hand, it is Zr02. And aluminum 203 When it was made the particle, although anti-chip box 
reinforcement went up, fracture toughness had the problem of falling, this — Zr02 atomization — Zr02 t-Zr02 from -- 
m-Zr02 It is because transition is controlled. 

[0006] Both this inventions aim at offering the nature sintered compact of a high intensity alumina which can improve 

fracture toughness and anti-chip box reinforcement. 

[0007] 

[Means for Solving the Problem] this invention person takes an example by the above-mentioned present condition, 
and is aluminum 203 of 1.5 micrometers or less of diameters of average crystal grain as a result of wholeheartedly 
research. It is Zr02 of 1 micrometer or less of diameters of average crystal grain to a principal component. Constant- 
rate content is carried out. Zr02 Hf02 to the whole quantity An amount is restricted to a constant rate and it is Zr02. It 
is 40% or more t-Zr02 The nature sintered compact of an alumina considered as the crystal carried out the knowledge 
of moreover having the above fracture toughness to some extent, improving anti-chip box reinforcement remarkably. 
[0008] Moreover, principal component aluminum 203 It is Zr02 of the specified quantity to inside. It is Zr02 while 
containing oxides of the specified quantity, such as Fe, nickel, and Co. Hf02 to the whole quantity The knowledge of 
moreover having the above fracture toughness to some extent was carried out improving anti-chip box reinforcement 
remarkably by carrying out the constant-rate limit of the amount. 

[0009] The nature sintered compact of a high intensity alumina of this invention the zirconia (Zr02) of 1 micrometer or 
less of diameters of average crystal grain Namely, 5 - 30 % of the weight, It is hafhia (Hf02) Zr02 While the 
remainder consists of the alumina (aluminum 203) and unescapable impurity of 1.5 micrometers or less of diameters of 
average crystal grain 1.0 or less % of the weight to the whole quantity It is characterized by 40% or more of a zirconia 
(Zr02) being a tetragonal zirconia (t-Zr02) crystal. The zirconia (Zr02) of 1 micrometer or less of diameters of 
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average crystal grain Moreover, 5 - 30 % of the weight, It is hafhia (Hf02) Zr02 As opposed to the whole quantity 1 .0 
or less % of the weight, While the remainder consists of the alumina (aluminum 203) and unescapable impurity of 1 .5 
micrometers or less of diameters of average crystal grain 0.01 to 5% of the weight, at least one sort in the oxide of Fe, 
nickel, and Co It is characterized by 40% or more of a zirconia (Zr02) being a tetragonal zirconia (t-Zr02) crystal. 
[0010] Here, it is Zr02. An amount and Hf02 The reason which limited the amount etc. as mentioned above is 
explained. 

[001 1] First, aluminum 203 As for an amount, it is desirable to consider as 70 - 95 % of the weight, aluminum 203 It 
is Zr02 when there are few amounts than 70 % of the weight. It is aluminum 203 by transition. It is because it is 
destroyed and anti-chip box reinforcement falls, and is because fracture toughness will become small if [ than 95 % of 
the weight ] more, aluminum 203 The more desirable content of an amount is 78 - 87 % of the weight. 
[0012] Moreover, Zr02 It is Zr02 to have made the amount into 5 - 30 % of the weight. By the case where there are 
few contents than 5 % of the weight, it is Zr02. There is little energy-absorbing at the tip of a crack by addition, and 
the effectiveness of the improvement in toughness is small. Moreover, the effectiveness of the improvement in anti- 
chip box on the strength is small. When 30 % of the weight is exceeded, it is Zr02 in a sintered compact. Zr02 which 
the amount (m-Zr02) of monoclinic system Zr02 increases among crystal phases, and participates in the energy- 
absorbing in the tip of a crack It is because decrease substantially, fracture toughness falls, or the degree of hardness of 
a sintered compact falls, so the amount of frictions will serve as size if it is used as an object for cutting tools. Zr02 
The more desirable content of an amount is 13 ■* 22 % of the weight. 

[0013] moreover, Zr02 Hf02 to the whole quantity case it limited the amount 1.0% of the weight with 1.0 or less % of 
the weight in many cases - Zr02 the case where it atomizes - t-Zr02 from - m-Zr02 It is because transition is 
controlled and the effectiveness of the improvement in toughness becomes small. Zr02 Hf02 to the whole quantity As 
for an amount, it is desirable to consider as 0.03 - 1.0 % of the weight. Hf02 It is because purification of raw material 
powder will become very difficult if there are few amounts than 0.03 % of the weight. Hf02 Zr02 Although usually 
contained three to 5% of the weight in the raw material, it is Hf02 like this invention. It is Hf02 in order to lessen a 
content. An ore with few contents is chosen and it is Zr02. It is good to refine. Zr02 Hf02 to the whole quantity As for 
especially an amount, it is desirable to contain 0.05 to 0.5% of the weight. Hf02 Not a simple substance but Zr02 It 
exists as a compound or is Zr02. You may be dissolving to inside. 

[0014] aluminum 203 in a sintered compact aluminum 203 which is a host phase when the diameter of average crystal 
grain exceeds 1.5 micrometers It is in the inclination for reinforcement to become low, and is Zr02. It is aluminum 
203 to homogeneity. Even if it makes it distribute to inside, anti-chip box reinforcement does not fully improve. 
Moreover, Zr02 in a sintered compact If the diameter of average crystal grain exceeds 1 micrometer, when the 
comparatively big and rough zirconia particle of 3 micrometers or more of diameters of a grain in consideration of the 
variation in particle diameter remains in a sintered compact in many cases and these zirconia particles perform a 
transverse test, it will become a source of destruction and reinforcement will deteriorate, aluminum 203 And Zr02 The 
diameter of average crystal grain has desirable 0.5 micrometers or less. 

[0015] Moreover, Zr02 It is 40 inner% or more t-Zr02 If the content of t-Zr02 is less than 40%, having considered as 
the crystal has little augend of anti-chip box reinforcement, and it is because remarkable improvement in toughness 
cannot be desired when it is used as a cutting tool. Moreover, aluminum2 03-Zr02 It sets in a system and is Zr02. As 
one^of the alumina strengthening devices to depend, it is t-Zr02 in the tip of a crack. m-Zr02 A phase transformation is 
carried out, the energy of a crack is absorbed, and it is effective in stopping a crack. Therefore, t-Zr02 At less than 
40%, it is t-Zr02 near the crack tip. It is because there are few amounts and they cannot fully absorb energy of a crack. 
Zr02 in a sintered compact A crystal phase is Zr02. t-Zr02 among the whole quantity It is desirable that it is especially 
70% or more 50% or more. 

[0016] Moreover, it sets to this invention and is Zr02. 5-30 % of the weight, and Hf02 Zr02 While making it contain 
at 1 .0 or less % of the weight of a rate to the whole quantity, it is aluminum 203 at 0.01 - 5% of the weight of a rate 
about at least one sort in the oxide of Fe, nickel, and Co. Inside is provided with the nature sintered compact of a high 
intensity alumina which carried out distributed content. 

[0017] It is because anti-chip box reinforcement will fall if the improvement effectiveness of fracture toughness will 
not be acquired if having carried out distributed content of the oxide of Fe, nickel, and Co at 0.01 - 5% of the weight of 
a rate has less oxide of Fe, nickel, and Co here than 0.01 % of the weight, but 5 % of the weight is exceeded. 
[001 8] The usual approach can be adopted on the occasion of manufacture of the nature sintered compact of a high 
intensity alumina of this invention. 

[0019] For example, the compound which can be changed into an oxide by aluminum 203 with a mean particle 
diameter of 1 micrometer or less, Zr02, and request is carried out in the weighing capacity back by Fe, nickel, Co 
oxide, or baking, and preferential grinding of these is carried out in media, such as distributed material and distilled 
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wateh Zr02 A raw material with few Hf02 contents is used for a raw material. For example, Hf02 Zr02 with few 
contents It extracts from an ore chemically and is made oxide powder with heating. 

[0020] After fabricating with a well-known shaping means after grinding, it calcinates at 1250-1600 degrees C. What is 
necessary is just to carry out hydrostatic-pressure baking between heat at further 1300-1500 degrees C, after carrying 
out ordinary pressure baking at 1400-1500 degrees C first as the baking approach in order to obtain the sintered 
compact of high density although the hydrostatic-pressure method between ordinary pressure baking in atmospheric air, 
a hotpress, and heat etc. can be adopted. 
[0021] 

[Function] With the nature sintered compact of a high intensity alumina of this invention, it is t-Zr02 in the tip of a 
crack. m-Zr02 A phase transformation is carried out, the energy at the tip of a crack is absorbed, expansion of a crack 
is prevented, and it becomes possible to improve fracture toughness. 

[0022] And at this invention, it is Zr02. Hf02 to the whole quantity An amount is restricted to a constant rate and it is 
t-Zr02 in 40% or more of a zirconia (Zr02). Since it considered as the crystal, fracture toughness and anti-chip box 
reinforcement are improved further. 

[0023] It compares with the sample which has not added those oxides by the sample which added Fe, nickel, and Co 
oxide when a sintered compact destructive side is observed that the addition effectiveness of the oxide of Fe, nickel, 
and Co of this invention should be checked, and is aluminum 203. The transgranular fracture of a particle has 
increased. 

[0024] It is aluminum 203 by addition of Fe and nickel from this, and Co oxide. Association of a particle becomes firm 

and it is thought that destruction in a grain boundary has stopped being able to happen easily. The reason whose 

fracture toughness improved is aluminum 203. It is thought that it is because association of a particle becomes firm 

and expansion of a crack becomes difficult. 

[0025] Hereafter, the following example explains this invention. 

[0026] 

[Example] 

Example 1 aluminum 203 A raw material and Zr02 It prepares at a rate which shows a raw material in Table 1 , 1 OOg of 
preparation raw materials is paid to the pot made of resin, and predetermined time mixing is sealed and carried out with 
alcohol and phi 10mm high grade alumina balls. After drying the raw material after mixing, a binder is added 4% of the 
weight, and it fabricates in a request configuration. Temporary quenching of the Plastic solid was carried out at 1 500 
degrees C in the atmospheric-air ambient atmosphere for 2 hours, and hydrostatic-pressure baking between 1-hour heat 
was performed after an appropriate time at 1400 degrees C. 

[0027] While performing the four-point bending anti-chip box strength test by Japanese Industrial Standards (JIS) 
about these samples, the result of having measured fracture toughness (Klc) with the Vickers hardness meter by 20kg 
of loads about Vickers hardness further is shown in Table 1 by the Vickers indentation method. 
[0028] 
[Table 1] 



JP-07097254-A 



mm 


Al.O. 

mm% 


ZrO a 

mm% 


lrO t tp 
<D HfOt 


t- 

Zr0 2 
4 

% 


AUO 

a CD 

turn 


2r0, 
©fit 
2 


& & 
kg/no 3 


» ft 


m £ 

n&f uwl 


* i 


97 


3 


5.0 


70 


1.5 


0.4 


55 


4.0 


1800 


2 


95 


5 


0.3 


80 


0.8 


0.4 


70 


6.0 


1800 


! 3 

! 


90 


10 


0.3 


90 


0.5 


0.4 


95 


6. 1 


1800 


■"7 


87 


13 


0.1 


95 


0.5 


0.4 


100 


6.3 


1780 


5 


85 


15 


0.1 


95 


0.5 


0.4 


115 


6.5 


1780 


6 


82 


18 


0.1 


90 


0.5 


0.3 


135 


7.0 


1760 


7 


80 


20 


0.1 


85 


0.5 


0.4 


125 


7,0 


1750 


8 


78 


22 


0.1 


80 


0.5 


0.4 


110 


7.0 


1700 


. 9 


75 


25 


0.3 


75 


0.5 


0.4 


85 


6.5 


1630 


ID 


70 


30 


0.3 


50 


0.6 


Q.5 


70 


6.0 


1500 


*11 


65 


35 


5.0 


30 


0.6 


0.9 


45 


5.0 


1450 


12 


85 


15 


0.03 


95 


0.6 


0.9 


120 


7.0 


1750 


13 


85 


15 


0.5 


95 


0.6 


0.9 


110 


6.5 


1750 


14 


85 


15 


1.0 


95 


0.6 


0.9 


110 


6.5 


1750 


*15 


85 


15 


0.1 


40 


2.0 


0.9 


50 


5.5^ 


1500 


*16 


85 


15 


0.1 


30 


0.5 


1.4 


55 


6.0 


1500 


17 


85 


15 


0. 1 


40 


0.8 


0.8 


90 


6.0 


1650 


18 


85 


15 


0.1 


80 


1.5 


0.5 


95 


6.0 


1550 


19 


85 


15 


0.1 


80 


0.8 


10 


70 


6.5 


1550 


*20 


82 


18 


5.0 


85 


0.5 


0.3 


120 


4.5 


1700 



[0029] Sample numbers 2-10, 12-14, and 17-19 are the things of this invention within the limits, and all are 2 the anti- 
chip box reinforcement of 70kg/mm. A toughness value is also 3/2 6 MN/m above. It excels with the above. On the 
other hand, for sample numbers 1 and 20, this invention is out of range and a sample number 1 is 2 the anti-chip box 
reinforcement of 55kg/mm. It reaches and a toughness value is 3/2 4.0 MN/m. It is low and, for a sample number 20, 
anti-chip box reinforcement is 2 120kg/mm. Although excelled, toughness is 3/2 4.5 MN/m. It has deteriorated. Sample 
numbers 4-8 are the more desirable range of this invention, and anti-chip box reinforcement is 2 lOOkg/mm. A 
toughness value is 3/2 6.0 MN/m above. It excels with the above. 

[0030] The diameter of average crystal grain of a zirconia (Zr02) is changed about an example 2 and also a sample 
number 6, and it is t-Zr02. The amount in the sintered compact of a crystal phase was measured by the following 
approach according to the X diffraction peak. 

[0031] X diffraction measurement is performed to 2theta=27 degree-33 degree by CuK alpha rays, and it asks for the 
following peak heights (tl, ml, and m2). 
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[0032] 

t-Zr02 (1 1 1) 30.2 degrees tl (1) 
m-Zr02 (1 1 1) 28.2 degrees ml (2) 
m-Zr02 (111)31.5 degrees m2 (3) 

tl, ml, and m2 t-Zr02 An amount is calculated by several 1. 

[0033] 

[Equation 1] 

t-Zr0 2 (.%) = 7T ( *' } t~ — c xl 0 0 

k 1 1 +mi +nii ; 



[0034] It is t-Zr02 by the above-mentioned measuring method. The result of having investigated change of the anti 

chip box reinforcement by the amount of a crystal phase and toughness is shown in Table 2. 

[0035] 
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[0036] For sample numbers 21-24, within the limits of 1 micrometer or less and this invention, the mean particle 
diameter of a zirconia (Zr02) is t-Zr02. A crystal phase is about 40% or more, and it is the above t-Zr02 to this extent. 
For the nature sintered compact of an alumina containing a crystal phase, anti-chip box reinforcement is 2 90kg/mm. It 
excels with the above. On the other hand, the mean particle diameter of a zirconia (Zr02) exceeds 1 micrometer, this 
invention is out of range, and sample numbers 25 and 26 are t-Zr02. A crystal phase is less than 40%, and, for such a 
nature sintered compact of an alumina, anti-chip box reinforcement is 2 65kg/mm. It is understood that it is inferior the 
following. In addition, about a toughness value, all of sample numbers 21-26 are 3/2 7.2 to 8.5 MN/m. Especially the 
big difference was not produced in extent. 

[0037] aluminum 203 of 98% or more of example 3 purity Powder and Zr02 NiO, CoO, and Fe 203 with a powder 
and a mean particle diameter of 1 .0 micrometers or less Weighing capacity of the powder is carried out to the amount 
of Table 3, this is put into distilled water which added the dispersant, and preferential grinding is carried out by attritor. 
Dried the slurry after grinding, and added the organic binder, and it was made to dry further, and considered as the raw 
material for shaping. 

[0038] After fabricating in a predetermined dimension using this raw material, a vacuum packing is carried out to the 
bag of polyethylene, and it is 2 4t/cm. CIP processing (cold isostatic pressing) was carried out by the pressure. 
[0039] The debinder of the acquired Plastic solid was carried out, and preliminary baking was carried out at 1450 
degrees C in the atmospheric-air ambient atmosphere for 2 hours. Then, hydrostatic-pressure baking between heat of 
the sintered compact was carried out with 2000 atmospheric pressures by 1425 degrees C for 1 hour. 
[0040] The obtained sintered compact was polished to the 3x4x40mm piece of an anti-chip box strength test, and three- 
point flexural strength was measured according to JISR1601. Moreover, the 3x4x40mm tablet was produced to 
coincidence by the above-mentioned approach, the X diffraction was measured in respect of un-polishing [ of a glow 
riser ], and the crystal of Zr02 was investigated. 

[0041] Furthermore, 3 -micrometer diamond paste performed polishing after polishing a 3x4x40mm tablet, crack die 



JP-07097254-A 

length was measured by 20kg of loads using the diamond cone for Vickers hardness, and fracture toughness was 

measured by the MI method. 

[0042] 
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[0043] From this table 3, they are NiO, CoO, and Fe 203. It turns out that toughness is improving rather than the 
presentation (Table 1) which is not added at all. sample No.6 of Table 1 - toughness - 7 MN/m 3/2 and anti-chip box 
reinforcement — 135 kg/mm2 it is — a thing — receiving — this example — sample No. 35 of Table 3 — like — toughness 
- 7,5 MN/m 3/2 and anti-chip box reinforcement - 140 kg/mm2 It has attained. 
[0044] 

[Effect of the Invention] According to this invention as mentioned above, a fracture toughness value is 3/2 at least 6 
MN/m. Being able to maintain above, especially anti-chip box reinforcement is 2 70kg/mm. It can consider as the 
above and the nature sintered compact of an alumina for ceramic tools suitable for efficient processings, such as high 
speed cutting, high slitting, and high delivery, can be offered. 



[Translation done.] 
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